To examine the association of body mass index (BMI), waist-hip ratio (WHR), and waist circumference (WC) with fasting hyperglycemia after adjustment for age, cigarette smoking, and alcohol use. DESIGN: A cross-sectional survey was conducted among individuals visiting four health-screening centers across Taiwan. SUBJECTS: A total of 61 568 subjects (28 734 men and 32 834 women) between 25 and 64 years of age were included. Fasting hyperglycemia was defined as fasting plasma glucose Z6.1 mmol/l or current diagnosis and use of insulin or hypoglycemic agent. RESULTS: Fasting hyperglycemia was found in 11.0% of men and 8.3% of women. The factors significantly associated with fasting hyperglycemia in men were age, BMI, WHR, and heavy drinking, while for women these factors were age, educational level, BMI, WHR, and heavy smoking. For men, increased risk of fasting hyperglycemia started from age 30 to 34 years, BMI Z25 kg/m 2 , and WHR Z0.82. For women, increased risk of fasting hyperglycemia started from age 35 to 39 years, BMI Z24 kg/ m 2 , and WHR Z0.74. WC lost its significance as a predictor of fasting hyperglycemia when WHR included in the model. CONCLUSION: This study found that central obesity and general obesity were both independently associated with increased risk of fasting hyperglycemia in Taiwanese. The relationship between fasting hyperglycemia and central fat accumulation (WHR) begins to appear at levels that would not be regarded as representing obesity in Western populations, suggesting the need to redefine cutoffs for central obesity in this population.
Introduction
Diabetes is the fourth leading cause of death in 2002 in Taiwan. 1 The standardized mortality rate for diabetes (per 100 000 persons) was significantly higher in Taiwan (31.1) than in the United States (14.3), Japan (4.4), and Singapore (10.0). 2 The prevalence of diabetes, defined as fasting wholeblood glucose Z6.1 mmol/l or as diagnosed subjects taking hypoglycemic drugs, was reported to be 3.7% in Taiwanese men Z19 years and 6.3% in Taiwanese women. 3 A previous study showed that the age-standardized incidence of diabetes in Taiwan was slightly greater than or equal to that in the USA or Europe. 4 Diabetes is one of the most costly and burdensome chronic diseases that are increasing in prevalence in Taiwan and worldwide. 5 The incidence of diabetes is strongly related to hyperglycemic states, impaired fasting glucose, and impaired glucose tolerance. [6] [7] [8] The American
Diabetes Association classification uses the fasting blood sample to classify glucose tolerance as normal (fasting plasma glucose o6.1 mmol/l), impaired (glucose 6.1-6.9 mmol/l), or diabetes (glucose Z7.0 mmol/l). 9 Previous studies have consistently shown that obesity is associated with increased risks of diabetes. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] The WHO defines obesity as a condition with excessive fat accumulation in the body to the extent that health and well-being are adversely affected. 20 Although there are many methods available to measure absolute total fat and adipose tissue distribution other than anthropometric measurements, their associated high cost prevents their use in large-scale epidemiological studies. 21 Body mass index (BMI) is a height-independent measure often used as a measure of whole-body size and total body fat amount. 22 Waist-hip ratio (WHR) and waist circumference (WC) measure central fat deposition. 10, 11 These anthropometric measurements have been shown to be associated with diabetes and cardiovascular diseases. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] Available data on the relation-ships between obesity and adverse health outcomes are mostly from Europe and the United States. [10] [11] [12] [13] [14] Few studies have examined the association of anthropometric indices of obesity with diabetes in populations of the Asian-pacific region. [15] [16] [17] [18] These studies have found that BMI, WC, and WHR are useful predictors of cardiovascular risk including hypertension, diabetes mellitus, and dyslipidemia. Two previous studies from Taiwan have found elevated cardiovascular risks at relatively low BMI and WHR. 15, 16 One of these studies also suggested that the cutoff values using BMI, WC, and WHR to define obesity should be much lower than WHO standards in Taiwan. 16 Several studies in the US and
England have indicated that smoking and alcohol consumption are associated with diabetes. [23] [24] [25] Smoking and drinking may increase the risk of diabetes through their effects on obesity or through physiological factors. 26, 27 Few studies have compared the degree of association of BMI, WC, and WHR with hyperglycemia after adjustment for age and the use of cigarettes and alcohol. Data are also limited for the association of WHR or WC with hyperglycemia after controlling for total fat or BMI, and the association of BMI with hyperglycemia after controlling for central fat, WHR, or WC.
The purposes of this study were to examine the independent association of BMI, WHR, and WC with fasting hyperglycemia after adjustment for age, cigarette smoking, and alcohol use among subjects attending four health screening centers across Taiwan.
Methods
Data were collected from four health-screening centers across Taiwan. The laboratories at these four centers have been accredited for quality control by the American Academy of Pathology. The data collection period was from 1 January 1999 to 31 December 1999. A total of 61 568 persons (28 734 men and 32 834 women) from 25 to 64 years of age were included in the analyses. The age distribution of the study subjects was compared to the national population aged 25-64 years in 5-year intervals. Our subjects were older than the national average (percentage of persons Z50 years of age was 24.1% in our study subjects and 21.5% in the national population for men; 29% in our study subjects and 22.5% in the national population for women).
Measurements
Height, waist and hip circumferences, and weight were measured by trained staff during the visit. Weight was measured to the nearest 0.1 kg in light indoor clothes without shoes using calibrated digital scales. Body height was measured with the Frankfurt plane horizontal, to the nearest 0.1 cm without shoes using wall-mounted stadiometers. WC was measured to the nearest 0.1 cm at the midway point between the inferior margin of the last rib and the crest of the ilium in a horizontal plane. Hip circumference was measured to the nearest 0.1 cm around the pelvis at the point of maximal protrusion of the buttocks. BMI was calculated as weight (kg) divided by height squared (m 2 ). WHR was calculated as WC (cm) divided by hip circumference (cm). Fasting plasma glucose was measured using a venous blood sample collected in the morning after 12 h of fasting. Diabetes mellitus was defined according to the American Diabetes Association criteria as either (1) current diagnosis and use of insulin or hypoglycemic agent or (2) fasting plasma glucose Z7.0 mmol/l. Impaired fasting glucose was defined as a fasting plasma glucose in the range 6.1-6.9 mmol/l. 9 Patients who met the criteria for diabetes mellitus or impaired fasting glucose were later combined into one group labeled the 'fasting hyperglycemia' group for analytic purposes. Age, marital status, and educational level were obtained from medical records. Information on cigarette smoking and alcohol drinking were collected by a short self-administered questionnaire.
Statistical analysis
Statistical analyses were conducted using the Statistical Package for the Social Sciences, SPSS for Windows, Version 10.0 (SPSS Inc., Chicago, IL, USA). All analyses were performed separately according to sex. Individual variables were examined by percentage, mean, and standard deviation. BMI was grouped from o20 to Z30 in 1 kg/m 2 increments. WHR was grouped according to increasing size in men from 0.80 and in women from 0.70 in 0.02 unit increments. WC was grouped according to increasing size in men from 72 cm and in women from 62 cm in 2-cm increments. Bi-variable association between grouped BMI, WC, WHR and prevalence of fasting hyperglycemia (current diagnosis of diabetes, use of insulin or hypoglycemic agent, or fasting plasma glucose Z6.1 mmol/l) was assessed using w 2 statistics. To avoid potential confounding that may be associated with anthropometric indices and fasting hyperglycemia, analyses were adjusted for age, educational level, smoking, and alcohol use. Multiple logistic regression analyses with fasting hyperglycemia as the dependent variable were carried out separately according to sex. Grouped BMI, WHR, and WC variables were entered into the logistic model and adjacent ranges of a variable, which were not significantly different from regression coefficients from the reference category (P40.05), were collapsed into the reference group. Variables with a two-tailed P-value of more than 0.05 were removed from the logistic regression model.
Results
The study subjects included 28 734 men and 32 834 women. 18 the rates of central obesity using WHR were 31.6 in men and 32.6% in women. The lifetime and current prevalence of smoking and drinking were 52.4 and 41.6% for men, 6.2 and 5.1% for women. Among the subjects, 35.5% of men and 2.2% of women were heavy smokers (defined as smoking more than a half pack of cigarettes per day). Heavy drinking (defined as drinking more than 150 ml of alcohol per day) was found in 28.7% of men and 3.7% of women (Table 1) . BMI, WHR, and WC were significantly associated with fasting hyperglycemia and subjects with fasting hyperglycemia had significantly higher mean values of these indexes (all Po0.001). The prevalence of fasting hyperglycemia increased as BMI, WHR, and WC increased for both sexes (all P-values from w 2 statistics for linear associations o0.001) (Figure 1 ). The multivariate analyses were performed separately for men (Table 2 ) and women (Table 3) . In both models, WC lost its significance when WHR was included in the model. For men, factors significantly associated with fasting hyperglycemia were age, BMI, WHR, and heavy drinking. The risk for fasting hyperglycemia increased as age, BMI, and WHR increased and the increased risks started for age 30-34 years, for BMI Z25 kg/m 2 , and WHR Z0.82. Among the variables of use and frequency of cigarette smoking and alcohol drinking, heavy drinking (more than 150 ml alcohol per day) was the only variable that was positively associated with fasting hyperglycemia. For women, factors that were significantly associated with fasting hyperglycemia were age, educational level, BMI, WHR, and heavy smoking. The risk of fasting hyperglycemia increased with increasing age, BMI, and WHR and these increased risks became independently significant starting from the age of 35-39 years, BMI Z24 kg/ m 2 , and WHR Z0.74. Low educational level and heavy smoking (more than a half pack of cigarettes per day) was associated with higher risk for fasting hyperglycemia. Marital status was not a significant factor and was thus removed from models. To better illustrate the use of BMI and WHR in predicting fasting hyperglycemia, the adjusted odds ratios and confidence intervals were plotted in Figures 2 and 3 for BMI and WHR, respectively.
Discussion
Obesity is a well-recognized risk factor for diabetes. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] Recent studies have suggested that central fat distribution is strongly associated with an increased prevalence of diabetes. 10, 11, 14, 19 Some studies have reported WC to be a good simple index of central obesity and suggested that the WC more closely correlated with the level of abdominal visceral adipose tissue than the WHR. 29, 30 In this study, we found that after adjustment for BMI, WHR and WC could be used interchangeably in predicting fasting hyperglycemia in both According to the cutoffs as suggested by WHO for Asian population. 28 c According to the cutoffs as suggested by Deurenberg-Yap et al.
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Obesity and fasting hyperglycemia L-Y Chien et al men and women. However, WHR appeared to be a more significant predictor than WC in the stepwise models. Ho et al 17 found that WC had a higher correlation with BMI than with WHR. Furthermore, BMI was not significant in predicting cardiovascular risk factors after adjusting for WC. Their findings suggested an overlap of information contained in WC and BMI. 17 In this study, we found that the correlation coefficient for WC and WHR (r ¼ 0.856) was similar to that for WC and BMI (r ¼ 0.821), and was lower for WHR and BMI (r ¼ 0.562). Whether WHR or WC is more representative of central obesity may need further study. Nonetheless, our results suggested that central obesity and general obesity both were associated with increased risk for fasting hyperglycemia. This study found that BMI, WHR, and WC each were associated with increased risk for fasting hyperglycemia (Figure 1 ) and the prevalence of fasting hyperglycemia increased beginning with low values of these indicators. These results are consistent with previous studies. 10 
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27 -<28 31 Our study found that only 3.5% of men and 3.3% of women would have been categorized as obese if we had used the cutoff value of BMI Z30 kg/m 2 for obesity. By contrast, using the cutoff value of BMI Z25 kg/m 2 for overweight, 29.7% of men and 18.0% of women in this study would have been classified as overweight. 20 Using the BMI of Z23 and Z25 kg/m 2 as the cutoff values for overweight and obesity resulted in 26.2% of subjects being classified as overweight and 33.2% as obese for the men, and 17.5% as overweight and 21.3% as obese for the women. 18, 28 With these lower cutoffs, levels of obesity become more consistent with data from countries with comparable levels of deaths from diabetes and heart diseases. In this study, we found that after adjustment for age and central obesity, the increased risk for fasting hyperglycemia only began from a BMI of 25 kg/m 2 in men and a BMI of 24 kg/m 2 in women, which is higher than the recently suggested cutoffs for overweight. 18, 28 At BMI of Z25 kg/m 2 for men and Z24 kg/ m 2 for women, 33.2% of men and 28.9% of women in our study were found to be at increased risk for fasting hyperglycemia. No threshold values for obesity were observed in our study. Use of the WHO cutoffs for WHR (Z1.0 for men; Z0.85 for women) resulted in very low rates of central obesity in our study subjects, with only 2.1% of men and 12.5% of women meeting the criteria. 20 The results of a study from Singapore suggested that the cutoffs of 0.90 for men and 0.80 for women were more relevant to their population for predicting cardiovascular risk factors including diabetes. 18 At these levels, 31.6% of men and 32.6% of women in the present study would be considered at risk. We found that after adjustment for BMI and age, significantly increased risk for fasting hyperglycemia began with a WHR of 0.82 in men and 0.74 in women. These values were much lower than previously suggested in the study from Singapore and in another study using the WHO criteria. 18, 20 The relationship between fasting hyperglycemia and central fat accumulation begins to appear at levels that would not be conventionally regarded as representing obesity. Awareness of this relationship by health professionals may help identify the at-risk individuals earlier. These findings suggest that for the Chinese populations, a comparable level of WHR may be associated with a greater amount of abdominal fat than in the Caucasians. Further studies to correlate the amount of abdominal fat with WHR and also to evaluate the cutoffs for central obesity need to be refined for the Chinese populations.
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The prevalence of diabetes is increasing in the Asian countries and worldwide. 5, 19 It has been noted that type II diabetes mellitus is increasingly common in young people. 5, 19 In this study, increased risk for hyperglycemia began after 30 years for men and 35 years for women. The positive Obesity and fasting hyperglycemia L-Y Chien et al association between age and prevalence of hyperglycemia was consistent with previous findings of a correlation between diabetes and age. 5, 19 Counseling for individuals with obesity and those at risk for diabetes thus needs to be started at younger ages. In this study, low educational level was found to be associated with fasting hyperglycemia in women but not in men. Robbins et al 32 found that in the US, socioeconomic status was inversely associated with type II diabetes prevalence among African American and non-Hispanic white women. They found the association to be less consistent in men. The association of lower educational level with hyperglycemia among women in our study may have been due to a broader range of education in the female study sample. In a prospective study from the United States, elevated risk of developing type II diabetes was found in nondrinkers and men who reported high alcohol intake compared with those with moderate alcohol intake. 23 This pattern of association between alcohol use and diabetes has not been observed in women. In our study, we found that heavy drinking in men was associated with a higher risk for fasting hyperglycemia. For women, heavy smoking but not drinking was associated with a higher prevalence of fasting hyperglycemia. Two prospective studies also found that cigarette smoking increased the incidence of diabetes in men, 24, 25 but other studies reported conflicting findings. 33, 34 Our results suggested that cigarette smoking and alcohol consumption may affect fasting glucose not only indirectly through their effects on obesity (BMI and WHR) but also directly through physiological factors related to insulin secretion or insulin resistance. 26, 27 The sex differences in alcohol and cigarette use and their relationships to hyperglycemia need further study.
Limitations
This study was limited by the use of a cross-sectional design, and causal relationships thus could not be established. Oral glucose tolerance test was not performed as part of this study. Assessment based on impaired fasting glucose has been criticized for including individuals with normal glucose tolerance and a significant minority with diabetes. 35 However, studies have shown that high proportions of individuals with impaired fasting glucose progress to diabetes. 7, 8 Information on physical activity and dietary patterns were not available for our study, which may have confounded the results. Although our study subjects may not represent the Taiwanese population, the validity of the results is suggested due to the large sample size and use of multicenter samples.
Conclusions
The results of this study showed that, at relatively low levels of indices of obesity (BMI) and fat distribution (WHR), absolute and relative risks of fasting hyperglycemia are increased in Taiwanese Obesity and fasting hyperglycemia L-Y Chien et al hyperglycemia in Taiwan so that appropriate screening and intervention can be directed. Cigarette smoking and alcohol drinking are independent and modifiable factors associated with the development of fasting hyperglycemia.
